the genus Scenedesmus Meyen was presented with the subgenera Acutodesmus, Desmodesmus and Scenedesmus (Hegewald 1978) . However, Trainor et al. (1976) stated «We feel that when we talk about Scenedesmus, we are talking about 2 distinct groups of organisms, two genera». They characterized the two groups as the non-spiny and the spiny group ). Attempts to reassess the taxonomy of Scenedesmus by biochemical and physiological properties failed and molecular techniques such as DNA/DNA hybridization and nucleotide sequence analysis were introduced to assist the reclassification of Scenedesmus (Kessler et al. 1997) . Sequence analysis of the 18S-rDNA gene clearly supported the designation of just two subgenera, Desmodesmus and Scenedesmus. The existing separation in the two subgenera Acutodesmus and Scenedesmus (Hegewald 1978) was not supported by this analysis and combined into one subgenus Scenedesmus (Kessler et al. 1997) . Subsequent sequence analysis of the more variable internal transcribed spacer 2 (ITS-2) region was used to further clarify the taxonomy of Scenedesmus . The phylogeny based on 18S-rDNA-sequence analysis was confirmed, and once more the subgenus Acutodesmus could not be supported. Furthermore, the large genetic distance between the two subgenera and their clear distinct cell wall ultrastructure supported retention of the Scenedesmus Meyen for non-spiny organisms and formation of a genus Desmodesmus (Chodat) An, Friedl et Hegewald for those which could bear spines , Hegewald 2000 . Phylogenetic analysis based on a revised secondary structure model for ITS-2 confirmed the division of the old genus Scenedesmus into the new genera Scenedesmus and Desmodesmus (Van Hannen et al. 2002) .
Members of the old genus Scenedesmus are firmly anchored as standard test organisms and widely used in current research as highlighted by 1135 studies found in a literature survey using Biological Abstracts and Current Contents (Winspirs 4.0) over the period January 1989 to February 2003 with the keyword Scenedesmus. The survey for the most common species yielded 548 hits for non-spiny species and 435 ones for spiny organisms. The five most frequently encountered species in each new genus are given in Table 1 with the five most frequently encountered spiny species, but with the old generic name, yielded 19 studies (i.e. 11 times Scenedesmus quadricauda ; 5 times S. subspicatus ; one hit for S. armatus ; none for S. communis, and two for S. abundans).
Reproduction
The most common way, in which Scenedesmaceae reproduce, is asexually by the formation of autospores. Inside the parental cell wall the mother cell undergoes from 1 to 4 successive divisions into 2 to 16 daughter cells , Trainor 1998 .
The daughter cells may be released as a new colony varying in number of cells per colony by a simple unrolling (Smith 1914) . However, although Desmodesmus and Scenedesmus are usually thought of as fourcelled colonies, many species may produce unicells as well (Chodat 1926 , Egan & Trainor 1990 , Fott 1968 , Swale 1967 , Trainor & Roskosky 1967 , Trainor 1998 , Van den Hoek et al. 1995 . In spiny Desmodesmus, unicells may result when the daughter cells fail to join and additional spines may appear on each cell (Trainor & Rowland 1968) . Unicells may also be the product of colony disintegration; in the unrolling of the new coenobe from the mother cell seperation of cells may occur between different cells (Smith 1914 ). In the nonspiny Scenedesmus this seems the normal pathway for unicell production (Kylin & Das 1967 , Nilshammar & Walles 1974 . Far less observed, but certainly not absent in Scenedesmus and Desmodesmus is sexual reproduction. Motile cells were first noted in Scenedesmus obliquus, both in the laboratory and in cultures incubated in nature (Trainor 1963 , 1965 , Trainor & Burg 1965a . Trainor and Burg (1965b) two S. obliquus and three S. dimorphus strains. Almost thirty years after the first recording of motile Scenedesmus, the finding was confirmed in a sample of S. obliquus from an outdoor unit (Lukavský 1991 , Lukavský & Cepák 1998 and in the laboratory in S. acutus exposed to hexavalent Chromium (Corradi et al. 1995) . Where initial studies failed to induce gametogenesis in spiny organisms (Trainor & Burg 1965 , over a decade ago gamete production in Desmodesmus armatus has been observed (Egan & Trainor 1989a , Trainor 1993a ). Mixing gametes from two different S. obliquus strains (EL19 and WH50) resulted in immediate clumping of gametes, with 5 to 10 cells per clump (Trainor 1998) . Pairs of gametes were affixed with their flagella, and after breaking away from the clump fused rapidly into a quadriflagellate zoospore, which grew into a large spherical zygote. The organisms released from the zygote appeared always unicells (Trainor 1998) .
Phenotypic plasticity
For long the old genus Scenedesmus Meyen was thought to include all colonial green algae having flat colonies that consist of two, four, eight or 16 fusiform or oblong cells linearly arranged along their long axes. The organisms with fusiformed cells lack spines, whereas the organisms with oblong cells may have various arrangements of spines or be spineless and are now divided in two distinct genera , Hegewald 2000 . Once believed to be stable (cf. Smith 1916) , morphological characters were used to describe each new morphological form as a separate species or variety (Uherkovicz 1966 , Hegewald & Silva 1988 . After decades, this approach led to an impressive «annotated catalogue of Scenedesmus and nomenclaturally related genera» comprising over 1300 species and intraspecific second-order taxa (Hegewald & Silva 1988) . However, intensive efforts by Frank Trainor and co-workers challenged the assumption that each different morph was equivalent to a different genotype and they revealed detailed information on morphological variability in several strains of «Sce-nedesmus» , Trainor 1998 . It turned out that cell size, cell arrangement ; spine number and position as well as other wall ornamentation were not as stable in several strains investigated as had been assumed (Trainor 1998) . This ability of a single genotype to produce one or more alternative form of morphology in response to environmental conditions is termed phenotypic plasticity (West-Eberhard 1989) .
The environmental conditions not only determine which phenotypes will be produced, but also provide the arena where different morphologies experience different growth and survival and thus which are subjected to selection (West-Eberhard 1989) . Competition and predation are considered the major selective forces responsible for organizing and structuring communities. They are the most important biotic factors affecting populations of primary producers and consumers and they commonly interact with one another (Gurevitch et al. 2000) . Whereas predation will exert a strong effect on survival, competition will strongly act upon growth and reproduction. In general, predation is blatantly more lethal than resource competition, but in order to grow and reproduce survival and resource acquisition are essential to every organism. Many environmental conditions act upon growth, development and mortality of Scenedesmus (Fig. 1) . Of particular interest is the fact that zooplankton excreta can trigger the formation of colonies, which could be interpreted as an induced defense (Hessen & Van Donk 1993 , Lampert et al. 1994 ).
Grazer-induced morphological changes in Desmodesmus and Scenedesmus
The algae A first report on Scenedesmus colony formation in the presence of herbivorous zooplankton was reported in Russia over twenty years ago (Mikheeva & Kruchkova 1980) . Hessen and Van Donk (1993) discovered the involvement of a chemical cue released from the zooplankton in stimulation of colonies. The addition of filtered medium from a Daphnia culture (2 % v/v) to unicellular Desmodesmus subspicatus populations resulted within two days in populations dominated by colonies, while the controls remained unicellular. An increase in the mean number of cells per colony was observed from 1.4 in the controls to 4.9 in the Daphnia treatments. Some two-and four-celled colonies were formed, but the majority of the colonies were eightcelled (Fig. 2) . The dimensions increased from 8 x 5 µm in unicells to 40 x 6 µm in eight-celled colonies, and when the proportion of eight-celled colonies was high grazing of a 1.75 mm Daphnia was reduced by 75 % reflecting an increased grazing resistance of the colonies (Hessen & Van Donk 1993) .
A year later Lampert and co-workers (1994) confirmed the phenomenon using a non-spiny organism, S. obliquus (formerly known as S. acutus sensu Van Hannen et al, 2000) . As in D. subspicatus a dramatic increase was observed in the number of colonies when initially unicellular cultures were exposed for 48 h to 4 % (v/v) filtered medium in which Daphnia had been grown. The proportion of eight-celled colonies showed a 5-fold increase making up almost 50 % of the population (Lampert et al. 1994) . Active growth is a precondition for the formation of colonies (Lampert et al. 1994) meaning that the induced colony formation is the result of the asexual reproductive process of autosporulation and not of lumping of individual cells.
When S. obliquus was grown in the absence (control) or presence of 10 % (v/v) filtrate from a Daphnia culture (Daphnia water treatments), growth was unaffected during the first days, but Scenedesmus morphology was changed drastically in the treatment populations (Fig. 3 ). In the treatment populations a ra- 
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( 5)pid formation of 4-celled coenobia (47 % of population on day 2) and 8-celled coenobia (38 % on day 3) could be observed followed by a subsequent recovery of unicell abundance (Fig. 3) . The control populations were dominated by unicells which made-up more than 70 % of the population. From 7-14 days, the dominance of unicells in the control populations gradually decreased to 38 % on day 11, while the proportion of 4-celled coenobia concomitantly increased to 34 % on day 11. Meanwhile, after 15 days, as cultures reached carrying capacity, population composition seemed to stabilize and was more or less comparable between control and treatment populations (Fig. 3) . Reduced concentration of the inducing chemicals and increased population size resulted in gradually lower exposure of cells to these chemicals. Inactivation may be caused by absorption and incorporation of the inducing chemicals in the algal cells , and by bacterial degradation as the strain that had been used (S. obliquus MPI) was not completely free of bacteria. The colony inducing ability disappeared within two days from lake water when bacteria were present, but remained active without bacteria (Lürling & Van Donk 1997a) , which in fact has also been observed for laboratory water from a Daphnia culture (Van Holthoon pers. comm.). Degradation of the chemical cue limits the persistence of the colony-inducing chemicals and contributes to the reliability of the cue, as it ensures that the concentration of the infochemical reflects the actual risk of predation. Meanwhile several strains of Desmodesmus (22) and Scenedesmus (18) have been subjected to examination of possible morphological changes induced after exposure to filtered water from Daphnia cultures ( Table 2) .
Of all 22 Desmodesmus strains tested, inducible colony formation was observed in four strains, of which in two only occasionally and in a third (UTEX 614) only in the presence of a rotifer (Table 2 ; Fig. 4) . In Scenedesmus, 13 out of 18 strains showed inducible colony formation, 3 only occasionally, and in two strains no colony induction was observed (Table 2 ; Fig. 4) . Hence, these data suggest that grazer-induced colony formation is more widespread among the non-spiny Scenedesmus than among spiny Desmodesmus.
The grazers
The release of chemicals triggering the unicell-colony transformation or promoting the formation of eightcelled colonies is certainly not restricted to large-bodied cladocera, such as Daphnia magna which had been used in the initial experiments (Hessen & Van Donk 1993 , Lampert et al. 1994 ). Franck (1995) already showed that the rotifer Brachionus could induce colonies in S. obliquus too, which was confirmed by Lurling and Van Donk (1997a) . The latter also found colony induction in S. obliquus (formerly S. acutus) expo- Notes : Yes = colonies induced ; No = no colony induction found ; ± = possible colony induction 1 ) Van Donk et al. (1999) 2) Hessen & Van Donk (1993) 3) Lampert et al. (1994) 4) Lürling (1999a) 5) Lürling & Beekman (1999) (7)sed to filtrate from the cladocera Bosmina longirostris and Daphnia galeata as well as in filtrate from the copepod Eudiaptomus gracilis. Van Donk et al. (1999) listed 14 species that had been examined at that time for the ability to induce the formation of protective colonies in Scenedesmus. In the meantime more organisms have been investigated, including carnivorous cladocerans (Bythotrephes and Leptodora), fish (Leuciscus and Perca), a freshwater ciliate and some more cladocerans (Table 3 ). The results of these experiments are in favour of the hypothesis that Scenedesmus responds to a herbivorous zooplankton chemical cue, rather than to a more general animal excretory product. Exposure to water-borne cues from herbivorous zooplankton stimulated the formation of protective colonies in Scenedesmus. However, when exposed to medium that had been inhabited by carnivorous cladocerans, ostracods or fish, no colony formation in Scenedesmus was observed (Table 3) . Hessen and Van Donk (1993) found up to 75 % reduction in the grazing rate of a 1.75-mm Daphnia when the proportion of eight-celled colonies was high, Table 3 . Organisms tested for the ability to induce colonies in Scenedesmus.
Grazing resistance of colonies
Note: Densities for positive responses represent minimum effective numbers (since 10% v/v filtrate is added animal incubation densities are tenfold higher than given), while for negative responses the maximum numbers tested are given.
reflecting an increased grazing resistance of the colonies. In contrast, Lampert et al. (1994) did not detect differences in the uptake of unicells and colonies of S. obliquus. In other studies small-sized Daphnia (~ 0.5 -1.2 mm) had depressed grazing rates on colonies compared to unicells, whereas large Daphnia (~ 1.6 -2.5 mm) had no problems ingesting the colonies ( Fig. 5 ; data from Lürling & Van Donk 1996 , Lürling et al. 1997 , Lürling 1999a . Several other small grazers, such as rotifers, Bosmina and Ceriodaphnia had lower grazing rates on colonies than on unicells (Lürling 1999a) . Also protozoa may experience reduced grazing success when confronted with colonial Desmodesmus and Scenedesmus (Goulder 1972 , Grover 1989 . Hence, the colonial morphology is effective in reducing mortality through grazing. When fed colonial Scenedesmus, the growth rate of small sized Daphnia species was significantly reduced, but not of larger species (Lürling & Van Donk 1996 , Lürling et al. 1997 . Because large bodied cladocerans had no difficulties in harvesting the colonies, the protection against grazing for colonial Scenedesmus seems only effective against small grazers. Therefore, it has been postulated that colony formation as a defense against large zooplankters may be of little use (Wiltshire & Lampert 1999) . However, when dealing with highly plastic organisms one should be very careful with straightforward generalizations based on limited laboratory studies performed under similar, if not identical, environmental conditions. Desmodesmus and Scenedesmus are not only flexible pertaining to the number of cells per colony, but also in the size of the cells (Trainor 1998 ). The majority of laboratory studies have been performed under light/carbon limiting culturing conditions, which is caused by the often relatively high algal densities together with a low carbon content in most laboratory media. Growth media such as Z8 (Skulberg & Skulberg 1990 , Hessen & Van Donk 1993 , Chu (Lampert et al. 1994 ) and modified WC (Lürling 1998) are low in carbon content, whereas others even lack an (in)organic carbon source, such as Bristol's and medium 7 (Egan & Trainor 1989b,c,d Ramos-Cárdenas & de Lara-Isassi 1985) (see Table 4 ). Cultures may also be supplied with CO 2 enriched air such as for 1/10 N8 medium (Hegewald 1982 (Hegewald , 1989 ) and BBM (Belkinova & Mladenov 2002 ), but still may give rise to relatively high algal densities. In contrast, in most natural waters inorganic carbon rarely appears to be a limiting nutrient (e.g. Schindler 1971 , Goldman et al. 1972 . Feeding of three different size classes of zooplankton grazers (Clearance rates in ml ind. -1 h -1 ) on differently sized Scenedesmus obliquus expressed as mean particle volumes (µm 3 ).
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(9) Schindler et al. 1972) , with average concentrations above 20 mg inorganic-C per liter (Goldman et al. 1974 ). Because carbon is a bulk element that makes up about 54 % of the biomass in a Scenedesmus cell (Sterner 1993), in carbon limited culture conditions growth and morphology may be influenced and cells may become smaller than under carbon saturating conditions. For example, S. obliquus had dimensions of 15 x 4 µm under carbon limitation, but were 17.5 x 7 µm under less limiting conditions (Lürling 1999a) , while decreasing light intensities reduced the cell volume in S. obliquus too (Senger & Fleischhacker 1978) . Literature data on the cell volume of the S. obliquus strain used in the studies on grazer-induced colony formation revealed considerable variation in the cell size. When cultured in high densities in chemostats a mean cell volume of 67 µm 3 was found (De Lange & Van Donk 1997 , Lampert et al. 1994 , Lürling & Van Donk 1996 , 1997a . However, much larger cell volumes of ~ 200 µm 3 in S. obliquus may not be uncommon when algal biomass is low (Lürling 1998 . Undoubtedly larger cell volume will affect the colony size, as cells are bigger. A highly significant correlation exists in S. obliquus between the mean particle volume and the mean number of cells per colony (Lampert et al. 1994 , Lürling 1999a ). Applying this relation to cells with a volume of 67 µm 3 yields an eight-celled colony of ~ 300 µm 3 , while cells with a volume of 200 µm 3 realize eight-celled colonies of ~ 1000 µm 3. Such variations in colony volumes will be reflected in colony dimensions. Indeed, using heavy inocula Lürling and Van Donk (1997a) found small eight-celled colonies in Scenedesmus with mean dimensions of 24 x 19 µm, while large eight-celled colonies with dimensions of 57 x 30 µm were observed at low inoculum concentrations (Lürling 1998) .
In the field, Holtmann and Hegewald (1986) found dimensions of ~ 40 x 30 µm for the typical eight-celled S. pectinatus colonies. Dimensions of individual cells were considerably larger in S. pectinatus from the field, with mean cell length and width of 30.3 and 4.6 µm, respectively, than in the laboratory with cell length and width of 17.7 and 3.7 µm, respectively (Holtmann & Hegewald 1986 ). Since bulk elements, such as carbon, vary little with growth conditions (Goldman et al. 1979 ) and may make up about 54 % in Scenedesmus (Sterner 1993) ; cells of S. pectinatus in the field could have contained around 30 % more carbon than in the laboratory. Table 4 . C, N and P (mg l -1 ) concentrations in media used for culturing Scenedesmus spp. «---» indicates that no carbon is added to the medium. Uherkovich (1966) listed eight-celled S. acutus/obliquus colonies with dimensions of ~ 35 x 25 µm, Krienitz (1987) found eight-celled colonies up to ~ 47 x 26 µm and Mladenov and Belkinova (1997) showed up tõ 40 x 30 µm sized eight-celled colonies of S. acuminatus and S. pectinatus. Eight-celled colonies of the latter species could even reach ~ 53 x 38 µm (Mladenov & Furnadzieva 1999). Canter-Lund and Lund (1995) list a picture of a field sample dominated by mainly eight-celled Desmodesmus up to 62 µm in length. These large colonies could confront many grazers with ingestion problems (cf. Burns 1968), because algae above ~ 45 µm cannot be ingested by even the largest Daphnia species (Porter 1977) . Hence, due to bigger cell size in the field the grazing protection of colonial Scenedesmus is probably more efficient under natural than under carbon/light limited laboratory conditions.
It should be noted that the trait colony formation is only one of the potential anti-grazer defenses. Other potential defensive characteristics that may hamper ingestion are bristles and spines. Bristles of over 100 µm long may form a net that may discourage even the largest grazers (Trainor & Burg 1965c , Massalski et al. 1971 , Trainor & Egan 1988 . Also the shorter and thicker spines may be effective against predators reducing for example Daphnia growth and reproduction (DeLange and Van Donk 1997) . Defensive features that may give resistance to digestion include thick cell walls and mucilage (Horn 1981 , Levitan 1987 . Perhaps, the organisms may use several strategies to avoid predation, but if and how those characteristics will be affected by grazer-related chemical cues remains an open question.
Morphological variability, buoyancy and unicells
Desmodesmus colonies have higher sinking rates than unicells (Conway & Trainor 1972) . Similarily, induced-colonial Scenedesmus populations had higher sinking rates than unicellular ones and in general, sinking velocities increased with an increased colony size (Fig. 6 ). Perhaps the higher Scenedesmus sedimentation losses in the presence of zooplankton than in its absence (Visser et al. 1996) were a result of colony formation.
Unicells but also forms with bristles or spines and gametes are morphotypes with a greater resistance to sinking (Conway & Trainor 1972 , Trainor 1969 , 1992 
Lukavský 1991). Hence, Scenedesmus unicells and small coenobia possessed a better buoyancy than large coenobia (Conway & Trainor 1972 ) allowing them to maintain a position in the upper water layers where conditions are favorable to support good growth (Siver & Trainor 1981) . This means that the tax to be paid by Scenedesmus for the protective colonial morph is at least an enhanced chance of sinking out of the euphotic zone . At first interpreted as a cost, inasmuch sinking out of the euphotic zone should imply lower growth, sinking could, however, also be interpreted as an escape in time. Scenedesmus is capable of surviving prolonged periods of darkness (Dehning & Tilzer 1989) , where colonies disintegrate and unicells may serve as inocula for subsequent blooms (Dehning & Tilzer 1989 , Egan & Trainor 1989b . This led to a hypothetical seasonal life history of Desmodesmus/Scenedemus with unicells occurring in early spring (Egan & Trainor 1989b,d) . But why would unicells occur only in spring, especially since sufficient literature data exist on unicellular Scenedesmus under a wide range of nutrients and cell densities ? In fact, in culture unicells may be very common (e.g. Hegewald 1982 , Holtmann & Hegewald 1986 , Lürling & Beekman 1999 , Trainor 1998 ), even at cell density far above ca. 1000 cells.ml -1 . Hence, low cell density (Egan & Trainor 1989b) does not seem a prerequisite for unicell development in several Desmodesmus and Scenedesmus strains. And why are there that few reports of unicellular Desmodesmus and Scenedesmus from the field ? One explanation could be that due to the activity of grazers unicells are produced only in very low numbers, which experience a high mortality ; protective colonies are being induced. Trainor (1979) observed that unicells disappeared when incubated in dialysis sacks in the field or when cultured in pond water in the laboratory. Interestingly, in another study ten years later the same strain produced unicells in water from the same pond (Egan & Trainor 1989b,d) . Perhaps the activity of grazers had been involved in this plasticity and grazer-associated chemical cues might account for the different observations by Trainor (1979) and Egan & Trainor (1989b,d) . Also colonial D. abundans from the field formed unicells in the laboratory (Fott 1968) . Another reason may be that unicells are simply not recognized as Scenedesmus. Opening a textbook one will find Desmodesmus and Scenedesmus presented as «a freshwater colonial green alga» often supported with images of four-celled coenobia. Unicells may resemble species described in at least eight other green algal genera (Trainor 1998 ).
Kessler and co-workers using sequence analyses of 18S rDNA showed that two taxa of the unicellular Chlorella were in fact unicellular Scenedesmus while one Chlorella and one Kermatia had to be designated to Desmodesmus (Kessler et al. 1997 ) ! A decade ago, an interesting dialogue took place between Trainor and Egan (1990) and Hegewald and Schmidt (1990) on Lagerheimia hindakii being the unicellular stage of D. subspicatus illustrative of the firmly anchored dogma of Desmodesmus and Scenedesmus being colonial. However, an investigation of literature data shows that the phenomenon of unicellular Desmodesmus and Scenedesmus is widespread in both genera (Table 5) . Undoubtedly, the species list in table 4 is far from complete, but includes already more than 100 different strains and suggests that unicells may be common in both Desmodesmus and Scenedesmus. Yet environmental conditions determine which phenotypes will be produced. Therefore, analysis of the biological environment in which the organisms are collected could provide essential information on the expressed phenotypic plasticity in laboratory cultures. Moreover, it may provide an explanation for observed variations in closely related organisms to the same cue.
The hypothesized seasonal life-history cycle of Desmodesmus and Scenedesmus (Egan & Trainor 1989b,d ) could involve biological aspects rather than merely abiotic influences. The cyclomorphosis observed in Daphnia was initially correlated to changes in water-temperature (e.g. Jacobs 1961 , Brooks 1966 , Fig. 7 . Hypothesized cycle for Scenedesmus in a lake. To pare down the mortality through grazing, colonies are formed in the presence of grazers, such as Daphnia. These colonies may experience higher sinking losses and could enter deeper water layers and the sediment, where colonies disintegrate and may be resuspended as inocula for subsequent blooms. On the sediment also gametes ( ) may be formed that could form quadriflagelatte zoospores and grow into large spherical zygotes from which unicells are being released. (12) but later predator kairomones appeared the causal factor (e.g. Hebert & Grewe 1985 , Dodson 1988 , Tollrian 1990 , 1994 . In Desmodesmus and Scenedesmus, among many factors, grazer kairomones may trigger the formation of eight-celled colonies that experience high sinking rates. Once colonies enter deeper water layers prolonged periods in darkness undoubtedly will result in colony disintegration, which could enhance the chance of being moved to upper water layers (Fig. 7) . When Scenedesmus enters the top layer of the sediment colony disintegration together with the capability of surviving prolonged periods of darkness results in unicells that, after resuspension, may serve as inocula for subsequent blooms (Dehning & Tilzer 1989 , Egan & Trainor 1989b . The sedimented algae form a thin surficial film of deposited material (Bengtsson & Hellström 1992) , with a high proportion of algae and total biomass that could exceed the water column concentration by one or two orders of magnitude (Carrick et al. 1993) . This means that with low temperature, low light, high algal densities and perhaps no excess of nitrogen the prerequisites for game- 
te production could be fulfilled. Gametes and zygotes are flagellated and could contribute to the recruitment of Desmodesmus and Scenedesmus to the water column. The organisms released from the zygote appeared always unicells (Trainor 1998) . Hypothesising that sexual reproduction is a characteristic of all Desmodesmus and Scenedesmus, all members of both genera may eventually be capable of the formation of unicells as has already been suggested by Trainor (1998) .
Morphological variability in other phytoplankton organisms
Phenotypic plasticity is not restricted to the Scenedesmaceae, but has been reported in many phytoplankton species, such as Chrysophytes (Sandgren 1988) , green algae, cyanobacteria and diatoms ). In the dinophyte Ceratium variation in spine length and number of spines has been observed (Hutchinson 1967), but it is unclear if grazers could be of any influence. Filamentous cyanobacteria have been reported to appear as flakes in the presence of Daphnia but as single filaments in their absence (Lynch 1980 , Holm et al. 1983 ). Yet, chemical cues from Daphnia appeared ineffective in inducing flakes in Oscillatoria agardhii and Aphanizomenon flos-aqua (Lürling 1999a) . Similarly, chemicals released from Daphnia ambigua (Fulton III & Paerl 1987) or D. magna (Hessen & Van Donk 1993) appeared ineffective as colonyinducing agents in the cyanobacterium Microcystis aeruginosa. However, in three strains of M. aeruginosa the addition of Daphnia water resulted in significantly increased mean particle volumes (Lürling 1999a) . Protozoan grazers caused a unicellular Chlorella culture to change into one dominated by eight-celled colonies (Boraas et al. 1998) , whereas Chlamydomonas formed palmelloids in the presence of herbivorous zooplankton (Mikheeva and Kruchkova 1980) . Hence, the presence of grazers has been reported to co-occur repeatedly with altered morphologies in phytoplankton, but chemical cues from grazers being among the most important causal factors is not strongly supported so far. Nonetheless, the phenomenon of Daphnia-induced colony formation seems not restricted to the genera Desmodesmus (Hessen & Van Donk 1993) and Scenedesmus (Lampert et al. 1994 , Lürling 1998 ). Colonies were also formed when Coelastrum (Lürling 1999a or Actinastrum (Yasumoto et al. 2000) were exposed to chemical cues released from Daphnia. These chemical cues alter the chemical environment, but it is the sum of all environmental factors operating which determines the environment and thereby the phenotypes that will be produced and are subjected to selection. The major selective forces are competition and predation and it could be postulated that different sets of environmental conditions (e.g. nutrients, light, temperature, and predation) could yield various morphologies. Research on phenotypic plasticity in algae would then benefit from the usage of different sets of environmental conditions (including both abiotic and biotic factors) and could eventually resolve which morphologies are produced under specific conditions. Many Desmodesmus and Scenedesmus appear almost always to be colonial, while numerous others may be mainly unicellular. It is challenging to classify the colonial ones as being protected and the unicells as being competitively superior and thus a worthwhile focus could be testing the hypothesis of a trade-off between competitively advantageous traits and defensive traits.
Summarising
Desmodesmus and Scenedesmus are characterised by a high degree of phenotypic plasticity, although strongly different among various strains. They are cosmopolitans and able to withstand harsh conditions, such as periods with strong grazing pressure. Under those conditions typical phenotypes, protective eight-celled colonies, could be produced. This induced defence is observed in many non-spiny Scenedesmus and some spiny Desmodesmus. The eight-celled colonies can be induced by herbivorous zooplankton chemical cues, but not by carnivorous zooplankton or fish ; hence, not by more general animal excretory products. The grazing activity of small sized grazers is reduced, but not of large Daphnia. Nonetheless, grazing protection of colonial Scenedesmus is probably more efficient under natural than under carbon/light limited laboratory conditions. As a result of the induction, colonies may experience higher sinking rates and even could disappear from the euphotic zone. Once entered deeper water layers colonies may disintegrate into unicells and on the sediment sexual reproduction is hypothesised to occur both enhancing the chance of resuspension and re-colonisation of the water column.
Phenotypic plasticity may be more widespread among algae than often assumed ; perhaps numerous organisms may produce several morphologies when subjected to different sets of environmental conditions.
